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This  is t h e  f i n a l  report desc r ib ing  a brief p i l o t  study e n t i t l e d  
W QSome Major Impacts of t h e  K'ational Space Program. 

Within t h i s  i nves t iga t ion ,  many candidate  impacts were f i r s t  screened 
and those that appeared (a) minor or (b) not l i k e l y  to  y i e l d  to  s u f f i c i e n t  
study wi th in  t h e  shr t  time a v a i l a b l e  were eliminated. The remaining 
impacts e r e  subjected to  a complete review of r e l a t e d  p r i o r  i n v e s t i g a t i o n s  
and to f u r t h e r  study a t  SPJ, and each impact t o p i c  was sepa ra t e ly  described 
in a series of infoimal  reports.* 

The results of t h i s  study a r c  t h e  first concrete  assays within a welter 
of c o n f l i c t i n g ,  incomplete, exaggerated, and f r equen t ly  unscpported inforua- 
tion. Stanford Research I n s t i t u t e  cons ide r s  its o b j e c t i v e  study an important 
t a s k  and is looking forarard t o  extending t h e  scope of t h i s  study i n  the 
f u t u r e  by app l i ca t ion  of t he  background, methodologies, and i n i t i a l  r e s u l t s  
obtained to  date. 

John G. Meitner 
P r o j e c t  hlanager 

W * The titles are: 1. I d c n t i € i c a t i o n  of New Occupations,*' 2. **Impacts 
Upon Aviation and Aeronautics," 3. "The impact of the Space Progrant 
Upon Science--1. Astronomy, 4. Impacts of New khterials Technology," 
5. Economic Impacts," and 6. Impacts Upon Health, Biology, and 
Medicine. 
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SilALWRY OF STUDY BACKCROWD 

Our na t iona l  space program is  now en te r ing  i t s  second decade, aud i t  
appears p r t i n e n t  t o  subject  some of i t s  major impacts upon t h e  na t ion  t o  
an impar t i a l  ana lys i s .  

There is. l i t t l e  doubt t h a t  the primary ob jec t ive  of our space program-- 
t h e  explora t ion  of space and t4e e a r l y  in s t a . l l a t ion  of ear th-or ien ted  
o r b i t a l  app l i ca t ion  progranis--have been spec tacu la r ly  successful .  Contra- 
rywise, much d i v i s i o n  of opinioii e x i s t s  i n  regard t o  the  value of under- 
taking this e f f o r t  a l toge the r ,  of i t s  impacts and r e t u r n s  t o  the American 
public,  and similarly,  a s  t o  t h e  value of committing f u t u r e  resources  t o  
t h e  cont inua t ion  of our  space program--particularly i n  t h e  l i g h t  of grave 
pressures  upon our  resources  a t  home and abroad. 

Much debate and d iscuss ion  along these  l i n e s  has been heard i n  support 
o f  t h e  space program and i t s  b e n e f i t s  t o  t h e  publ ic ,  as w e l l  as in opposi- 
t ion.  
unsupported claims by those who favor  the program, and s imi l a r ly ,  many 
opinions of concern were exaggerated to  br ing  about a s u b s t a n t i a l  reduct ion 
of our  na t iona l  space program, or perhaps i t s  to ta l  discont inuat ion.  
Although the  t r i t h  may not necessa r i ly  be somewhere between these extremes, 
it  is obviously inpor tan t  t o  study i n  considerable  d e t a i l  t he  evidence 
supporting the  cont inxa t ion  Of t h e  d iscont inua t ion  of t h i s  s u b s t a n t i a l  
na t iona l  program. 

Ifnfortunatelg,  much enthusiasm i n  the  former q u a r t e r s  has led  to  

Coatrooersy e x i s t s ,  however, even i n  support of t h i s  proposi t ion:  on 
t h e  one hand, i t  is  claimed tha t  many such s t u d i e s  have already been con- 
ducted, on the other hand i t  i s  claiined t h a t  such p r i o r  work is not con- 
c lus ive ;  middle-of-the-roaders have also suggested that  i t  may not even be 
poss ib le  t o  s tudy impacts q u a n t i t a t i v e l y ,  t o  de f ine  them s imply ,  o r  t o  
measure them. 

In t h e  l i g h t  of t h i s  background, Stan€ord Research I n s t i t u t e  has  u n d e r  
talien a p i l o t  study p a r t i c u l a r l y  or ien ted  toward the  r e so lu t ion  of the  
problem of d e f i n a b i l i t y  and measurabi l i ty  of some impacts of t h e  na t iona l  
space program, while simultaneously pursuing t h e  goa l  of e s t a b l i s h i n g  
of t hese  impacts--both pos i t i ve  and negative--if t h e y  could indeed be 
defined and measured i n  the  first place. 
t h a t  directed as w c l l  as constrained the  study include t h e  following: 

Some gu ide l ines  and circumstances 

1. In many of its elements, t h e  s t u d y  was t o  be a review of p r i o r  work, 
and it  attempted t o  s o r t  and reconci le  r e s u l t s  of such p r i o r  work, 
check the docusentation, o r ,  d i smiss  unsubstant ia ted claims. 
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2. Any niater ia l  subjected to  ana lys i s  i n  the  courso of t h e  s t u d y  was 
thus  based on subs tan t ive  evidence and appropr ia te  re ferences  and 
b ib l iographies  docuniciit cnch of t h e  SRI study topics .  (See 
Bibliography) 

3. New impact s e l c c t i o n  c r i te r ia  and nieasuremesit cr i ter ia  were t o  be  
e s t ab l i shed  a s  an ul t iniate  ob jec t ive  i f  poss ib le ;  some of these 
criteria had already been e s t ab l i shed  i n  p r i o r  work by Stanford 
Research I n s t i t u t e . *  ' 

4. The modest amount of funds and time a v a i l a b l e  t o  pursue t h e  s t u d y  
necess i t a t ed  a somewhat a r b i t r a r y  s e l e c t i o n  of some impact a r eas  
among the  many top ic s  a v a i l a b l e  f o r  study. 

5. I t  was one of t h e  purposes of t h e  study t o  provide f o r  NASA manage- 
ment some v i s i b i l i t y  of t h e  impacts--both, p o s i t i v e  and negative-- 
t h a t  the  space program has made upon the  na t ion ,  so t h a t  they 
could include. this information i n  the i r  f u t u r e  planning. 

I n  t he  i n i t i a l  phase of t h i s  i nves t iga t ion ,  t h e  sen io r  members of t h e  
c ros sd i sc ip l ina ry  study teain accordingly reviewed seve ra l  p o t e n t i a l  study 
areas, and, i n  t h e  l i g h t  of some of t h e  c o n s t r a i n t s  discussed above, they  
selected f i v e  study top ic s  f o r  f u r t h e r  inves t iga t ipn .  These are:  

Some Impacts Upon Aviation and Aeronautics 

Some Impacts Upon Science # 

Some Impacts Upon New Mater ia l s  Tcchnoloyy 

Some Economic Impacts 

Some Impacts Upon Publ ic  Health,  Medicine, and Bio logica l  Research 

In addi t ion ,  another area was subjected t o  i n i t i a l  examination for 
later study: 

New (Space-Derived) Occupations 

Some of these top ic s  tended to  y i e l d  pe r t inen t  and q u a n t i t a t i v e  in fo rn i -  
t ion  immediately,  while other top ic s  could not be reduced t o  simple conclu- 
s ions  during t h e  a v a i l a b l e  study period. 
described i n  informal r e p o r t s  (see FOREKORD), and t h a  present  repor t  summa- 
rizes these. Accordingly, t h i s  r epor t  provides f i rs t ,  a broad sumicary of t h e  

A l l  s tudy top ic s  were sepa ra t e ly  

--- 
* The Benef i t s  of the National Space Program and Thei r  Appreciation and 

Understanding by t h e  American Publ ic ;  Volunie I: Study'Rcport ,  Volume 11: 
L i t e r a t u r e  Review. Stanford Research I n s t i t u t e ,  Menlo Park, Ca l i fo rn ia ,  
Bfarch 19GS. 

Exemplified by Astronomy 
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major study results, and subsequently prov ides  more d e t a i l e d  surnmarics, 
conclus io i i s ,  and recommendations of the i n d i v i d u a l  study t o p i c s ;  r e f e r e n c e s  
to each of t h e s e  are c o l l e c t e d  i n  a master bibl iography i n  the appendix of 
tho  present  report ,  
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SUAXARY OF STUDY RESULTS 

1. I n  the l i g h t  of considerable  expendi ture  over a period of 10 
years i n  tho  n o w 1  a rea  of space explora t ion ,  the  quest ion of new occu- 
pat ions i s  obvious. 
ourselves  t o  t h i s  p a r t i c u l a r  problem we found (1) some preliminary results 
s ign i f i cau t  i n  t he i r  own r i g h t  and (2) a s e r i o s  of i n t e r e s t i n g  background 
itorus t h a t  c2rongly confuse the  i d e n t i f i c a t i o n  of new occupations; accord- 
ingly we also f e e l  s t rongly  about t he  importance of cont inuing t h a t  p a r t i -  
cular study top ic .  R e s u l t s  i& l i n e  wi th  point (1) above i n d i c a t e  t h a t  some 
new occupations --under the  p a r t i c u l a r  ground r u l e s  of t h e  study these  must 
be (a) s p e c i f i c a l l y  r e l a t e d  t o  t h e  space program and (b) c l e a r l y  and o i ' f i c ia l -  
l y  i d e n t i f i e d  by j o b  t i t l e - - d o  e x i s t ;  these  range from Space Veh ic l e  Test  
Nechanics t o  Spacecraft  Managers, through L i f e  Support Research Managers t o  
Space Systems Asseixblers and so forth. Jn l i n e  with point (2) above, we a r e  
struck by t h e  s p a r s i t y  of such D e w  occupations,  p a r t i c u l a r l y  i n  t h e  l i g h t  of 
t h e  f a c t  t h a t  a force  of seve ra l  hundred thousand workers supports  the  space 
program; our t e n t a t i v e  conclusion i n d i c a t e s  t h a t  nsng more new occupations 
do iE3et3.d e x i s t  but  are not s p e c i f i c a l l y  so i d e n t i f i e d .  Ins tead ,  we f i n d  
tha t  t h e  workers in th9se new occupations are t i t l e d  wi th in  v e r y  general  
categories-e. g. , lfechanical Engineer, Welder, Tes t  Support Xechanic. 

While we .only expended a few days i n  acldressing 

2. In  l i n e  with the cont inuing theme nf the  advanced technology e f f o r t  
sustained by NASA, a ?or t ion  is  d i r zc t ed  toward av ia t ion  and aeronaut ics ;  t h i s  
effort has  been e m i n e n t l y  successfu l  throug!i t h e  years.  

Our s tudy ind5ca tes  t h a t  t h i s  f a c t  is not p o s i t i v e l y  presented t o  t h e  
general  publ ic ,  nor  appropr ia te ly  o r  completely presented t o  the  technical 
community . 

On t he  other haud w e  f i n d  t h a t  d i r e c t  economic b e n e f i t s  have r e su l t ed  
from the aeronaut ics-directed advanced technology i - i for t  , particular1.y i n  the  
area of va r i ab le  sweep wings, subsonic j e t  t r anspor t s ,  and high t h r u s t  engines.  
Contrarywise, we f ind  t h a t  some of t h e  past  exce l lence  i n  e s t a b l i s h i n g  
advanced p r o j e c t s  i s  now lagging; the V/STOL work i s  l a t e  and t h e  l eade r sh ip  
i n  space veh ic l e s  i s  s i m i l a r l y  s l i pp ing  from NASA. 
from t h i s  work are accruing t o  m i l i t a r y  a s  well a s  c i v i l i a n  av ia t ion ,  
t h i s  e f f o r t  may r equ i r e  augmentation. 
an t ic ipa ted  expansion i n  c i v i l i a n  aeronaut ics  may permit an app l i ca t ion  of  
past  and present  edvanccd technology e f f o r t s  t o  t h e  expansion of t h e  economy 
of depressed areas, by loca t ing  t h e  fu tu ro  manufacturing f a c i l i t i e s  there. 
Similar ly ,  t h e  expec ta t ions  of economic b o a e f i t s  from the advanced technology 
Work l ead ing  t o  t h e  SST appl ica t fon  are a l s o  high. 

Because direct  benitfi th 

The s t u d y  a l s o  i n d i c a t e s  t h a t  t h e  

3. In reviewing seve ra l  econmic  and social impacts of  t h e  space e f f o r t ,  
I n  t h i s  our study examined t h e  t o p i c  of science v i a  the  example of astronony. 



r..!jot. areas i n  which the  US South h a s  lagged behind o t h e r  a r e a s  of tho  
coun t rg. 

6. Our p i l o t  s tudy attempi.Id t o  assess some of t h e  der ived  b e n e f i t s  
jn the  medical and p b l i c  h e a l t h  area. W e  f i nd  t h a t  one such d i r e c t  i t e m  
i s  t he  f i r s t  and only  ex tens ive  c o l l e c t i o n  of performance d a t a  oc heal thy  
adul ts .  We s i m i l a r l y  f ind  t h e  i n i t i a l  introduct icm o f  new R&D techniques 
i n  acdical fields (ranging front d i agnos t i c  instruments  to  s t e r i l i z a t i o n  
techniques) and associated wi th  o t h e r  f a l l o a t ,  and perhaps new management 
techniques t h a t  have provided t h e s e  and o t h e r  improvements i n  t h e  publ ic  
heal th  spectrum. Among indivi'dual equipment t r a n s f e r  iteols t h a t  deserve 
mention we f ind  a p a r t i c u l a r l y  impressive improvement i n  X-ray d i agnos t i c s  
( r e su l t i ng  from t h e  app l i ca t ion  of a technique desfgned for t h e  enhaiice- 
arcnt of metotcly relayed l u n a r  p ic tures ) ,  special equipment for haadicapped 
persons (wheelless wheelchairs,  glance-dfrected switches,  etc.) and 
widening app l i ca t ions  o f  remote monitoring of hosp i t a l  pa t i en t s .  

7. Associated with these  and o t h e r  f ind ings  i n  t h e  s i x  s tudy t o p i c s  
abs t rac ted  above, our study a lso included i n i t i a l  f i nd ings  f o r  t h e  iden t i -  
f i ca t ion ,  documentation, and measurement of some of  these  impacts t h a t  are 
m o r e  q u a n t i t a t i v e  than previously possible, and by app l i ca t ion  of these 
methods, perhaps developing a tool tovard t h e  d e l i b e r a t e  enhancement of 
th2 pos i t i ve  impacts of t h e  space program upon t h e  nat ion.  

Hoting once more t h a t  t h e  s tudy  reported here is  a pilot  experiment,  
we feel encouraged about t hese  s tudy methods which rill f a c i l i t a t e  f u t u r e  
s t u d i a s  of t h i s  type,  as  w e l l  as  about t h e  i i : i t i a l  resalts abs t r ac i cd  above. 
S t u r n  study seems ind ica ted  to remove i n c r r a s i n g l g  t h i s  important subjec t  
from the malm of opinion and move i t  i n t o  the  d i spass iona te  area of in for -  
matiori, and t h u s  to  provide an  important guide for t h e  decision-mzkers o f  
t h i s  country i n  regard t o  t h e  f u t u r e  o f  o u r  n a t i o n ' s  space effort .  

.6 
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I. ID~IFICATIOX OF X E l  OCCUPATIOXS 

I?;TMw#JcpIm 

The o b j e c t i v e  of t h i s  study phase was to d e f i n e  that econolvic impact 
of the  apce program which accrues  to the na t ion  i n  terns of ne= occupa- 
tions; the  mor6 immediate o b j e c t i v e  of t h e  p i l o t  s tudy reported here was 
tkrcfore, to i d e n t i f y  these. 

I n  order to a r r i v e  hopeful ly  a t  comprehensive i d e n t i f i c a t i o n  schenics 
for the space e f for t -gccera ted  occupations,  s e v e r a l  methods w e r e  def ined;  
SODC of  these methods a-ere examined and validated--mostly i n  the Los A n g e l e s  
area, 

SUii&RY -- 
On the basis of t h i s  prel iminary p i l o t  experimentation, a) s e v e r a l  

candidate search methods were t hus  r e f i n e d  and established, b) others (not 
yet f u l l y  tested) were a d d i t i o n a l l y  conceived, c) a s tudy  p l an  was formu- 
l a t ed  on the  b a s i s  of (a) and (b), and d) some 18 new pro fes s iona l  and b l u e  
collar occupations--formally e s t a b l i s h e d  by job t i t l e s - -&ol ly  der2ved froin 
the space progran were a l ready  i d e n t i f i e d ;  these range  fro^ Ass i s t an t  Space- 
c r a f t  Manager, through L i f e  Support Research S c i e n t i s t ,  to Space Docuoienta- 
t i on  Rcquireinents Analyst and Space S t r u c t u r e s  Atserabler. 

In the  light of o u r  i r i t ial  experience, the search methods selected for 
fu r the r  s tudy are l i k e l y  to  y i e l d  a d d i t i o n a l l y  a number of new occupat ions 
tha t  exitst s o l e l y  as a r e s u l t  of the  US space effort; these search atsthods 
take i n t o  a c m t  basic problems encountered i n  t h e  p i l o t  survey--aostly the 
incons is tenc ies  and the acc iden ta l  o r  deliberate lack of descr ipt iveixess  i n  
job titles, the confusion i n  e x i s t i n g  skill ind ices ,  the  recurring r e v i s i o n s  
of occupational t i t l e s . w i t h i n  t h e  aerospace i n d u s t r i e s ,  t h e  formal (non- 
descr ipt ive)  and the i n f o m a l  (descr ip t ive)  lists of job titles employed 
s inul taneously by the  same organiza t ion ,  and t h e  usua l  ove r l ap  between m i s -  
sile- and space-applied occupations.  We b e l i e v e  that  the search methods 
designed by SRS w i l l  be successfu l  i n  i d e n t i f y i n g  and perhaps obv ia t ing  
sane of these problems. Fu r the r  s tudy of t h i s  t ype  is necessary, because 
wc are surprised to f i n d  how many p ro fes s iona l s  and b l u e  collar workers ex- 
c lus ive ly  engaged i n  space work ( i n  NASA and indus t ry  installations alike) 
have titles that go back t o  the begLnning of the aircraft age. There is, 
obviously, a need to accelerate the adopt ion of new and space-related job 
dcsignations and i n  order to accomplish this--while i d c n t i f y i n g  thoso job 
catesrics a l ready  up-dated--further study is required,  t o  mak@ appropr i a t e  
rccoimendations f o r  ac t ion .  



I n  the  l i g h t  of OUP e a r l y  r e t u r n s  we are reassitrcd t h a t  aany widely 
tqrying occupations a l ready  have been c rea t ed  as a r e s u l t  of t h e  space 
effor t ;  i n  tt?c l i g h t  of o t h e r  impacts s tud ied ,  we a l s o  f e e l  t h a t  t h e  sug- 
gested c o l l e c t i o n  and documnta t ion  of new occupat ions  would spell out  a 
rn thcr  consequent ia l  impact. On t h a t  b a s i s  we s t rong ly  recommend t h e  
cont inuat ion of  t h e  study d iscussed  hem. 

COXCLUSIOXS AND RLmM?.!E WATI OX S 

. NCW occupations solei;. due to  t h e  space program e x i s t  
e s t ab l i shed  i n  indus t r3  and government alike--both i n  
inven to r i e s  of jo' t i t l o s .  

and have been 
formal and informal 

. Uore' than a dozen of t hese  occupat ions were r e a d i l y  found on t h e  b a s i s  
of a br i e f  m a r c h  descr ibed i n  t h i s  report. These are w e l l  defined-- 
e.g. l ife support research  s c i e n t i s t ,  space labs  superv isor ,  etc. 

. Five  search  methods for i d e n t i f y i n g  these  new occupat ions on a na t iona l  
basis w e r e  e s t ab l i shed  and some were a l r eady  tested. 

. Iden t i f i ca t io t l  of t hese  new occupat ions i n  ex tens ion  of t h e  very  
small p i l o t  search  reported he re  can be conf idcn t ly  expected through 
f u r t h e r  search  and on t h e  basis of search  methods a l r eady  e s t ab l i shed ;  
SRI r e c o n d s  t h a t  SUCP study by continued.* 

. Probleffis i n  iden t i fy ing  aad e s t a b l i s h i n g  t h e s e  occupat ions e x i s t  
throughout t h e  aerospace i n d a s t r y  and t h e  corresponding government 
organizat ions.  

. These pro5lcas  c w r e n t l y  occupy personnel departments and government 
agencies  a l ike .  

. New hsters are being prepared by sme of t h e s e  organiza t ions ,  and 
problems e x i s t  i n  t h e i r  preparat ion.  

. A uniform re s i s t ance  to  updating job t i t les  i n  NASA and aerospzce 
indus t ry  organfza t ibns  i s  q u i t e  apparent-we a re  overwhelmed wi th  t h e  
almost complete absence of d e s c r i p t i v e  space-related j o b  t i t les  i n  
such organiza t ions  wholly committed to  space work a s  JPL or i n  space 
d i v i s i o n s  of aerospace companies. 

. Intermediate  s ides tepping  of t h e s e  problems by s o m e  of t hese  organiza- 
t i o n s  include emplo-pent of nan-descr ipt ive j o b  titles, establ ishment  
of qua l i fy ing  job c r i t e r i a ,  job desc r ip t ions ,  s k i l l  i nd ices ,  and use 
of d i f f e r e n t  job t i t les  involving t h e  same p o s i t i o n  f o r  formal and 
f n f o m a l  purposes. 

.. 

* Cooperation of ou t s ide  organiza t ion  required for f u r t h e r  search  was 
requested by SRI azd t h e  necessary assurances  were a l ro rdy  received. 

a 



. v;c feel that  i t  i s  high time to recognize the 10-ycar o l d  spacc 
program i n  the  very organizatious that  operate i t ,  and to replace  
obsolete  and gcneral job t i t les  by descr ip t ive  t e m s ,  s p e c i f i c a l l y  
re lat ing  to the  space task at hand. 

. There are problcais that  de lay  attajnriicnt o€ t h i s  god. and appropriate 
recomtncudations must be based on further study, e.g. time-trends and 
addit ional  i d e n t i f i c a t i o n  of t h e  new occupations.  
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I I. IBFACTS WON AI’I AT1 QY .4MD AGROXAUTI CS -- 

The NASA Aei-onautrcs Program work is categorized i n t o  three areas: 

S tep  1 - Advanced Research 

Exploration of new ideas not yet  related to  a i r c r a f t .  

Aerodynamics 
Propulsion 
S t ruc tu res  
Ope r a t i n g  Envi roimen t 
System Dynamics 

- Step 2 - Applied Technology 

Study of ideas from d i s c i p l i n e s  combined to  g ive  a new 
a i r c r a f t  t ype .  

Aerod ynati c s 
Propulsion 
S t ruc tu res  
Opcrat ing  Envirormont 
System Dyuamics 

L- Step  3 - Llevclopnental Technology 

Support of other groups i n  choice of specific veh ic l e s  and - so lu t ion  o€ detai l  problems. 

Aerodynamics 
Propulsion 
S t ruc tu res  
Operating Ecvironment 
System Dynamics 
Mission (from MID, FAA, etc.) 

S tep  1, advanced research, c o n s i s t s  of exp lo ra t ion  of new ideas, 
not r e l a t e d  t o  s p e c i f i c  a i r c r a f t ,  in aerodynamics, propulsion, structures, 
operat ing environment, and system dynamics and forins the basis for s t e p  2. 
The applied technology s t e p  c o n s i s t s  of the  s t u d y  of new veh ic l e  concepts 
r e s u l t i n g  froat t h e  i n t e g r a t i o n  of new developments i n  advanced research. 
NASA does not develop these veh ic l e s  b u t  t h e  d e f i n i t i o n  r e s u l t i n g  from 
t h i s  research phase has proved he lp fu l  i n  i nd ica t ing  to  t h e  indus t ry ,  t o  
Congress and t o  the publ ic  where NASA aeronaut ics  research  I s  l ead ing  the  
country i n  terms of new a i r c r a f t .  S tep  3, developmental technology, i s  a 
supporting a c t i v i t y  t o  tho  agency responsible  for spec i fy ing  an aircraft  
mission and derelopin,a t h e  a i r c r a f t  t o  meet it. This  a c t i v i t y  absorbs a 



s u b ~ t a c t i a l  percentage of t h e  NASA aeronaut ics  effort. The t a b l e  entitled, 
''SASA De vc lopnicnt a 1 Tcc hnol ogy. Sup por t f o r  Govo rime n t a1 Age 11c ie  s (CY 1965) " 
s i l ~ ~ ~ * s  t he  percentage of NASA aerotiaii t ics research a c t i v i t y  and profess iona l  
r!.lnyov:cr which has  bocu devoted t o  answering r eques t s  f o r  a s s i s t axe  f ron 
t i l i t a r y  and c i v i l  agencies  and t h e  industry.  

NASA DEVELOPMENTAL TECtISOLOGY SUPPORT 
FOR GOVEILAXESTAL AGENCIES (CY 1965) 

! 
: Analysis,  

To ta l  Man-Years Tota l  
F a c i l i t y  % of Consul t ing Z of 
Hours - -- - 

SASA to ta l  ava i l ab le  69,000 100 37 4 100 

Total NASA support supplied 
t o  DOD and o t h e r  agencies  29,392 42.5 86 23  

XASA support of DOD 
(13 aircraf t ,  13 missiles, 
6 miscellzneous pro jec ts )  17,883 25.9 58.2 15.6 

#A% support of  o t h e r  agencies  
(FAA, NSF, etc.) (Proposal 
evaluations, accidcnt  and safe-  
t y  of f l i g h t  i nves t iga t ions  11,509 16.6 27.8 7.4 

Source: NASA 

Highl ights  of  t h e  XASA aeronaut ica l  research program as presented 
by NASA and as presented t o  t h e  publ ic  through t h e  trade and news p r e s s  
w e r e  reviewed. 

We f i n d  t h a t  while t h e  research  and development e f f o r t  is eminently 
successful  and cur ren t  as shown by t h e  t echn ica l  q u a l i t y  and competi t ive 
Posi t ion of U.S. aeronaut ica l  equipment t h e  XASA e f f o r t  is never 
Presented i n  a pos i t i ve  l i g h t  when t h e  message is d i rec t ed  at t h e  genera l  
Publ.ic, nor is I t  complete when d i r e c t e d  toward t h e  t e c h n i c a l l y  or ien ted  
cornnun i t y . 

Sincc the  NASA developmental aeronaut ica l  a c t i v i t y  i s  not  separated 
front opera t iona l  veh ic l e s  by more than a fcw years ,  d i r e c t  econoaic, 
bene f i t s  which pay for a l l  of t h e  NASA aeronaut ica l  research  can be pointed 
O u t .  

the  new jobs r e s u l t i n g  from iniyrovcnicnts can be i d e n t i f i e d ;  opportuni ty  
Also, s ince  the. technology i s  rot fa r  i n  advance of Its appl ica t ion ,  



c.:rists t o  t r a i n  t h e  s u r p l u s  l abor  (hard core uncmploycd) f o r  tile jobs .  
yl,,-.se aud o t h e r  bcnof i t s  a r e  described. 

On t he  other hand, thcrc are i n a i i 2 t i o n s  t h a t  t h e  lead  i n  aeronaut- 

It is a l s o  ind ica ted  tha t  t h e  advanced p rograw are important 
i ca l  research XAS.4 once had is  gone; i n  f a c t ,  sonic valusble  breakthroughs 
are late. 
i u  maintaining research lead. 

- Advanced Research 

The advaaced research s t e p  occurred i n  t h e  t i m e  period from 1945 
t o  1959 and cons is ted  of work wi th  modsls i n  t h e  wind tunnels ,  f l i g h t  of  
scvcral '  rescarch aircra€t,  developnient of a new v a r i a b l e  sweep wing 
concept. and s t u d i e s  of a i r c r a f t  conf igura t ion  i n  which the  concept was 
u t i l i zed .  

Applied Technology _- 
The appl ied technology s t e p  always over laps  t h e  research step.  

t h i s  Anstance i t  consis ted of t h e  time period from 1958 t o  1960 and 
involved work in a i r c r a f t  conf i gu ra t iou  and performance s t u d i e s  using t h e  
n e w  var izb le  sweep wing concept, 

In 

Developmental Technology 

The t h i rd ,  o r  developxeutal  technology s tep  involved XASA support  
of other agencies for t he  F-111 and t h e  SST during t h e  time period from 
1959 to  the present.  The supporting a c t i v i t y  included (1) b r i e f i n g s  of 
the stst€€ using t h e  technology and extending i t  f o r  a s p e c i f i c  a i r c r a f t  
mission; (2) ass i s t ance  t o  the  procurement agency i n  reviewing indus t ry  
proposals; aud (3) actual - t e s t i n g  of a succession of a i r c r a f t  models 
i n  variorrs wind tunnels  t o  eva lua te  a l l  f l i g h t  regimes, wi th  v a r i a t i o n  
I n  armament stowage and de l ivery ,  r ada r  antenna l o c a t i o n  and size, etc. 

A t  the beginning of t h e  support ing a c t i v i t y  (developmentzl technology), 
NASA is  most expert  i n  the technology and i n  t h e  a b i l i t y  of the  
cxperinsutal  method ( f a c i l i t i e s )  t o  provide information on which t o  base 
vehicle  design decisions. In t h e  support ing phase, t h e  technology i s  
t ransfer red  t o  t h e  user ;  i n  r e tu rn ,  NASA ob ta ins  perspec t ive  on opera- 
t i ona l  aspects of t h e  p a r t i c u l a r  a i rcraf t  missioii. 
phase I s  ending, the  data a r e  obtained,  permit t ing c o r r e l a t i o n  of wind 
tunnel and f l i g h t  performance measursments. The support ing a c t i v i t y  
is the basis f o r  improvoment of t h e  o v e r a l l  c a p a b i l i t y  of  t he  NASA s ta f f  
and f a c i l i t i e s .  
addi t iona l  basic research or  appl ied technology as t h e  aircraft  I s  
developed or improved a f t e r  i t  i s  i n  operat ion.  
development a c t i v i t y  performed by t h e  manufacturer, by the  user ,  and by 
t h e  govorment (for the people) is  usua l ly  a n a t u r a l  demand of a i r c r a f t  
operation bssed on advanced technology, p a r t i c u l a r l y  v;hen i t  i s  successful .  
Two of the many possible  examples w i l l  be given: 

When t h e  support ing 

This  a c t i v i t y  provides guidance nnd background f o r  

Continuing research and 

1. Operational success of the  subsonic j e t  t r anspor t  has  caused it 
t o  be used f o r  purposes and i n  q u a n t i t i e s  f a r  g r e a t e r  than fo recas t .  Th i s  
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increase i n  the opera t iona l  use brought a t t e n t i o n  t o  the noise.  

strated dcciaiid j u s t i f i e d  the dctpeloplilcnt cos t .  The fan  engines  a r e  
&etcr a t  t he  exhaust,  but t h e  i n l e t  nojsc is more not iccable .  
procepds; it so lves  some problems but; makes o the r s ;  and a l t e r n a t i v e  
solut ions arc sought. 

Korc 
Iiighcr t h r u s t  engines  (fan) were developed because t h e  dcnion- 

So, R&D 

2. New, higher  t h r u s t  engines  made it poss ib le  t o  use higher  c r u i s e  
spcmls i f  t h e  c r i t i c a l  speed of t h e  a i rp l ane  could be increased,  
c r i t i c a l  speed is the speed a t  which some por t ions  of flow over  t h e  
airplane becoxe supersonic and cause a rapid drag  rise. 
perspective based on e a r l i e r  work led t o  a new concept of a i r f o i l  design 
fo r  high subsonic ( t ransonic ,  s u p e r c r i t i c a l )  a i r c r a f t .  

The 

T h i s  need, and 

Confirniation of NASA's Aeronautical  Research Po l i cy  

The importance of a l l  three steps in t he  aeronaut ica l  research  cyc le  
is indicated by the statement of Dr. John S. Foster ,  Di rec tor ,  Defense 
Research 2nd Engineering, before hear ings  of t h e  Senate Conmiittee on 
Acronautical and Space Sciences consider ing NASA FY 1969 au thor iza t ions :  ". . .Every m i l i t a r y  a i r c r a f t  the  Defense Department buys  evolves  i n  p a r t  
from bas ic  and appl ied research  conducted i n  t he  f a c i l i t i e s  of NASA. 
Industry depends on 3AS.9 t o  extend the  ae ronau t i ca l  a r t  and, through 
systematic research, to  provide design d a t a  which can be used with con- 
fidence j.n developing new a i r c r a f t .  1' 

COSCLUSIOXS AXD RECOJI&END;\TIOXS 

NASA's aeranaut ica l  research  programs are d i r e c t e d  t o m r d  so lu t ion  
of today's problems and tomorrow's technology needs. 
t h e  d i r ec t ion  has been e f f e c t i v e  and i t  is based on t r a d i t i o n  
est-ablished by many years  of  work experience i n  t h e  researcWindus t ry  
in te r face .  

H i s t o r i c a l l y ,  

The var iab le  sweep wing technology which was pioneered by NASA i n  
1945 is now being appl ied t o  m i l i t a r y  and commercial a i r c r a f t .  
This  technology was ava i l ab le  i n  advance of the  need. 

NASA's a c t i v i t y  i n  support of a i r c r a f t  development psograrns of 
other agencies i s  genera l ly  b e n e f i c i a l ;  i t  c o n s t i t u t e s  the  f i r s t  
direct s t e p  in teclinology t r a n s f e r  and u t i l i z a t i o n ,  and guides  
fu ture  work a t  NASA. 

Cost savings r e s u l t i n g  from maintaining a sus t a in ing  research  and 
technology a c t i v i t y  are s i g n i f i c a n t ;  and savings are passed on t o  
t h e  taxpayc r . 
KASA's role i n  general  av ia t ion  research and ter-hnology develop- 
Kent is curren t  aud responsive t o  need. The work is appropr ia te ,  
considering tho economic and s o c i a l  importance of tho  l i g h t  
a i r c r a f t  €or  personal and business  use, 
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. 

. 

The forecas t  increase i . 1  procliictiou of geircrnl av ia t ion  equipment 
provides opportuni ty  f o r  new p lan t  l oca t iou  i n  ecouoe1ica1l.y 
depressccl areas. We rccoo\mend t h a t  XASA take maxiaial advantage of 
tho oppor tun i t i e s  for implementat ion of s o c i a l  progranis r e s u l t i n g  
f roni expansion i n  tho  manu€acturc of vehic les  and equipment f o r  
t h e  genera l  av ia t ion  market. (See Fu tu re  Study Program). 

V/STOL technology i s  l a t e .  The research and technology t a s k s  must 
cover a wide range of concepts;  t e s t i n g  mus t  cover  a v a r i e t y  of 
f l i g h t  regimes from hover t o  high-speed f l i g h t ,  including cont ro l -  
l a b i l i t y  and human f ac to r s .  

The sound suppression prograni which is par t  of NASA's cont inuing 
work on t h e  subsoiiic j e t  t r anspor t  i s  of c r i t i c a l  importance t o  
the commi!nity; the  f ind ings  a r e  important t o  t r anspor t a t ion  systein 
plc,:ning, 

The t ransonic  wing breakthrough aunounced by NASA and TIoclrhoed w i l l  
have an important bear ing on the  economy of subsonic j e t  t r anspor t  
a i r c r a f t  opsrat ion.  

Aeronautical  technology advances have r e s u l t e d  i n  the  devclOpNent of 
the 'C-5 cargo a i r c r a f t .  
more capable cargo c a r r i e r  and a r e a l i z a b l e  s t e p  i n t o  a peaceful  
airmau' s world. 

The technology permits  fo recas t  of an even 

NASA's support of t he  SST program i s  extensive.  
upou aeronaut ica l  technology inf luence  XASA's advanced research  
programs. 

The demands made 

NASA is developing research  s k i l l s  and doing research  work i n  
severa l  a r eas  associated with hypersorric c r u i s e  a i r c r a f t .  We are 
led  t o  t h e  conclusion, however, t h a t  this e f f o r t  w i l l  not  be 
emphasized. 

We have observed tha t  t h e  t ransonic  wing breakthrough vias late 
r e l a t i v e  t o  i t s  a v a i l a b i l i t y  f o r  app l i ca t ion  t o  the C-5 cargo  
a i rcra€t .  

We conclude t h a t  aeronaut ica l  technology w i l l  cont inue t o  f a l l  
behind need i f  advanced 'programs a r e  not pursued. 

Because of i ts  success,  NASA's role i n  9-eronautics and w i a t i o n  
should be strengthened and expanded t o  keep pace wi th  t h e  increas ing  
use of aeronaut ica l  vehicles. 

The q u a l i t y  and tone  of t he  press coverage does not present  NASA i n  
a manner cons i s t en t  w i t h  t he  a c t i v i t y .  

14 
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I I .  ASTIZOXOIN AS AN EXMlPLE OF SCIENTIFIC IXPtICTS --- 

Orio of t h c  g r e a t  pos i t i ve  impacts of t h e  U.S. space prograiii i s  upon 
T h i s  appoai's to  be a two-way phenomenon. On the one hnnci, thc 

c sp lo i t a t ion  and exp lo ra t ion  of space has  made great demands OP, a l l  
f i c l d s  of science,  so as  t o  provide t h e  fundamental information required 
t o  cmbnrk i n t o  spacc. This grc..t f l u r r y  of pointed s c i e n t i f i c  i nqu i ry  
has, of CoLI r se ,  a l s o  r e s u l t e d  i n  many new s c i e n t j f i c  discoveries t h a t  are 
not r e l a t ed  t o  space explorat ion.  
a t ion  vias under way, a g r e a t  number of new s c i e n t i f i c  f a c t s  were discovered 
in space, and new theories ranging from t h e  o r i g i n  of l i f e  t o  t h e  magnetic 
f i e l d  of t h e  Earth were thus es t ab l i shed :  

On t h e  o t h e r  hand, once space explor- 

There i s  no s i n g l e  endeavor or  phenomenon t h a t  has  increased t h e  
discovery of s c i e n t i f i c  f a c t s  and t h e o r i e s  as  aiuch as t h e  advent 
of' space explorat ion,  and i n  the  n e m  f u t u r e  those ncw d i s c o v e r i e s  
w i l l  exceed a l l  t o t a l  prior s c i e n t i f i c  knovl.ledgo. 

Results of t h i s  s tudy phase (1) describe i n  sonic d e t a i l  the  g r e a t  
impact of space exp lo ra t ion  upon science by exemplif icat ion of one 
discipl inc--astrwo,ny--and (2) i n d i c a t e  the  impacts of astronomy upon our 
cu l tu re ,  again a s  an  example of the impact of science upon t h e  na t jon ,  and 
by conjunction of (1) and (2),  t h e  impact of the  space program upon an 
important aspect of o w  soc ie ty .  

The impacts of astronomy upon human c u l t u r e  from t h e  dawn of recorded 
h i i t o r y  to t h i s  very day are indeed astonishing:  

The beginning of civilization- man'^ adoption of agriculture--was 
based upon astronomical f ind ings .  

Wan's d i scove r i e s  of h i s  earth--ranging from geography t o  navi- 
gation throughout t h e  ages--are a lso l a r g e l y  due  t o  t h e  f i n d i n g s  of 
thc. astronomers. 

Afany d i scove r i e s  of major conseqiienccs t o  mankind--rangfng from the 
discovery of i n f r a r e d  t o  te lescopy and from inst rumentat ion and 
o p t i c s  t o  fuadamcntal physics-are a lso accotiplishaents of astronomy; 
even t o  t h i s  day, many of the world's great mathemsticiaus were 
o r i g i n a l  1 y a st rouoine rs. 

Astronoa:y has given rise t o  o u r  modern-day philosophy and plnccd 
man apyroprictely w i t h i a  his universe.  

t 

Tho tremendous swcep of ociencc and much of a sparking of t h e  young, 
t h e i r  eearch f o r  knowledge, and t h e i r  apprec i a t ion  of f a c t u a l  



observat ions are s i m i l c r l y  due t o  the f ind ings  and e x h i b i t s  of 
a s t  ronontc r s. 

In r e l a t i n g  astronomy t o  man's c u l t u r e ,  i t  i s  im:q?rr;snt t o  do 
justice, i n  turn ,  t o  the  grent  progress  t h a t  astronotl!y owes t o  t h e  advent 
of space explorat ion.  Sorne of t h e  past  achicvenents (P)* and some or' t h e  
l i ke ly  accomplishmnts t o  be niade i n  the  f u t u r e  (F)* by space-based 
astronomy include tho  following: 

. The ch ief  advantages of space-based Observation a r e  of course t h e  
absence of r e f r ac t ion ,  t h e  e l imina t ion  of systematic  observat ion 
errors, and t h e  r e s u l t i n g  c a p a b i l i t y  f o r  t h e  determinat ion of 
su j f ace  d e t t i l  of masses i n  c e l e s t i a l  bodies  (PI. 

En addi t ion  t o  these astronietr ic  advantages, a g r e a t  dea l  of the 
physical p rope r t i e s  of the  ga lax ie s  and t h e i r  chemical composition 
was de temincd  by o r b i t a l  observat ions through spectroscopy (P) 
and fu tu re  s t u d i e s  iii t h e  i n f r a r e d  region w i l l  b r ing  valuable  
information regarding pro tos ta rs .  S imi la r ly ,  s tandard iqa t ion  of 
magnitude systems will be accomplished through orbital  photometry 
(e) 

Orbf ta l  astronomy has  permiLted t h e  determinat ion of thermal emissions 
from p lane t s  (P) and w i l l  i n  the f u t u r e  permit t h e  determinnt ian of 
such :,aramount items a s  maps of t h e  Milky lay, the backgrouxl of 
stellar evolu t ions  (cococns!, and perhaps a test of the  steady state 
theory of t h e  universe  (F). 

. Within our  s o l a r  system, orb i t i i ig  probes have l e d  t o  t h e  discovery 
of X-ray and u l t r a v i o l e t  emission from the  sun, determinat ion of 
planetary etmospheres, and much de ta i l  about the  phys ica l  para- 
meters of Venus (P). I n  the  fu tu re ,  masses and d e n s i t i e s  of o t h e r  
planets ,  e f f e c t s  of solar winds, composition of atmospheres, and 
nature  of niagnetic f i e l d s  of trans-BIartian p l a n e t s  w i l l  s i m i l a r l y  
be based upon o r b i t i n g  probes (F). 

One of the  greatest s c i e n t i f i c  f iud ings  of t h e  near  f u t u r e  w i l l  be 
t h e  determination.of l i f e  o r  p r c t o l i f e  i n  the s ~ l a r  systems, and t h e  
consequent clues t o  the  o r i g i n  of l i f e  on S a r t h  (F). 

The discovery of X-ray and gama-ray sources  with extra-atmospheric 
probes has a l ready  permitted tho  dctertnination of physical  processes  
and new astronomical events (P), Based on (presumably manned) 
probes In the  fu tu re ,  X-ray and gamma-ray astronomy will probably 
permit the determination of cosmic ray o r i g i n  and perhaps test t h e  
C o n t i u o u s  c rea t ion  theory (F). 

* P = past; F = fu tu re  
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. Other cosmological determinatioc accessible with futui-e ertrtcter- 
rcstrial obscrvatious will dclerininc the fitness of several 
cosmological laoc!els aad determine the open or closed nature of the  
universe and esnct nature of red-shifts (F). 

The relation bet.veea the pas= end future rcconlplislrnteuts of space 
astronomy concerning these  and othcr  iteias is coilcisely described i n  t h e  
bctdy of t h i s  report. The last chapter deals w i t h  the  relation of these 
and other f indings to mankiud, or tire role of astronomy i n  society. 



The overall purpose of this study phase was t o  examine the coutri- 
butions of EASA t o  se l ec t ed  areas of materials technology and their inipact 
upon t h e  ecocomy of the na t ion  as a whole. 
qua l i t a t ive  measures rem to be obtaiked so that  an estimate could be had 
or the propart ion 02 t h e  MS.9 e r f o r t  i n  r e l a t i o n  t o  the total  na t iona l  
effort in the same areas. 

Q a a n t i t a t i v a  as w e l l  as 

The determinat ion of t h e  t echn ica l  c o n t r i b u t i o n s  sf XASA both as t o  

The pmceciure included t h e  use of 
spount and degree vas accoapl i sh td  with t he  design and u t i l i z a t i o n  of a 
spec i f i c  l i t e r a t u r e  search techniquc, 
a console/computer arrangement, which had access t o  a l i n e a r  f i l e  of 
c i t a t ions  of reports inc luding  those ebstracted in STAR ( S c i e n t i f i c  and 
Tccknical Aerospace Reports) of #AS& 
l i s t i n g  of t h e  accession numbers of a l l  e n t r i e s  i n  STAR f o r  each of 33 
selected materials technology areas over the period 1962 to 1967. The 
quant i ta t ive  measure t h a t  w a s  selected f o r  t h i s  s tudy vas the  propar t ion  
of MSA vs a l l  con t r ibu t ions  of l i t e r a t u r e  e n t r i e s  i n  STAR f o r  each one 
of these materials areas. 
Bad a significant percentage of X W  reports referenced i n  STAR and were 
studied iu greater detail. The survey covered the s i g n i f i c a n t  t echn ica l  
contr ibut ions and t he  e rsu ing  and p o t e n t i a l  a p p l i c a t i o n s  t o  sectors of 
the econony ou t s ide  the space program. The source material included the 
S4SA-sponsoird reports that  w e r e  sorted out  from t he  compcter l i s t i n g s ,  
other materials l i t e r a t u r e ,  and d i s c u s s i o z s  wfth e x p s r t s  i n  the varioils 
fields. Evaluation of t he  e i g h t  areas ind ica t ed  that  szch had an impact: 
OIL sectors of the econwy outside of the space prosram itself .  Ths 
nature of t h e  impact tozethsr with a l i s t i n g  of items t r a n s f e r r e d  t o  other 
sectors of the ecoimny are mamarlzed in the tzble e n t i t l e d ,  "Impact of 
SASA-Spbnsored Work" for each of the  eight materials areas. 

T h i s  wzde it poss ib l e  to  ob ta in  a 

Eight ou t  of the 33 materials techrro'rogp areas 

Sverz though the scope of t h e  present  s tudy was l i m i t e d ,  s u f f i c i e n t  
data and i n fomat ion  w e r e  generated t o  shm t h a t  the c o n t r i b u t i o n s  by 
W24 in the materials technology areas were not on ly  s i g n i f i c a n t  i n  
Ptoportion to the total  na t iona l  effort but also that the impacts on the 
Pationzl ecmaay as a whole were cons iderable  and var ied.  
it &own In the table e n t i t l e d ,  
Xaiion's Economy", which d e p i c t s  t o  which f o u r  aajoi- sectors of the 
nation's econany-power generat ion,  communlcations, t r a n s p o r t a t i o n ,  h e a l l h  
Cam-each of the e igh t  saterials technology areas has con t r ibu ted  
s igni f icant  fnnovations or  improvements. 

This v a r i e t y  
*? Naterials Impacts i n  Sajor Sectors of 

Further extension and refinement of the techn5qrtes developed here  
could bc appl ied read'ily to a larger sampling 02 t h e  materials technology 
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Inpact 
g a t e r i a l s  Areas Selected by XASA* Transfer t o  Other  Sectors of Economy 

Elcct rofom:ing 

Fuel cell 

Nickel-cadmium 
Si lver-cadmium 

+ 

. 
0 

Refractory alloj- 

Solar cell  

++ . 
0 

0 

bat te ry  +++ 
b a t t e r y  

Silver- z i  nc battery 

+++ 

. 

. 
Stress-corrosion of tita- +++ 0 

nium alloys 0 

S t r e s s - f w e  components 
Improved nickel-cadaium bat t c  rie s 
Tooling and dies  
Solar concen t r a to r s  
Cm.ples p a r t s  
A r t i f i c i a l  l imbs  

Deep ocean technology 
Silver-zinc bat terics 
Dry t a p e  b a t t e r y  
Electric r u t  omobi les 
L i f e  support  system 

Econmical ,  compact hearing-aid 

Electric a u t m o b i l e  
B a t t e r y  s y s t e m s  of improved re- 
liability and eaergy dens i ty  

Deep submergence v e h i c l e s  and 
submerine s 

Life cyc le  t e s t i n g  

batteries 

Power generat ion systems 
High temperature, d u c t i l e  a l loys 
Oxidation r e s i s t a n t  c o a t i n g s  
Plasma spraying 
Welding t e c h i q u e s  
Jet t u r b i n e  engines  

Weather p ~ t : "  :ion (satellite) 
Cornmuaicatiu:; (satellite) 
Remote area powzr generat ion 
b e r g e n c y  tclephone systems 
Improvement in solar cell  systems 

Establishment of s t anda rds  
for a l l  uses 

Supersonic a i r c r a f t  
Rapid, reliable,  low cost stress- 

Helicopters  
Deep submergence v e h i c l e s  
Desalia .it ion  p l a n t s  
Chemical processing industry 
Aledical implants  

corrosioir cracking test procedure 

. * +++ Heavy impact 

+ Light impact 
++ Moderate impact 



.- . 

. ,:'.rials toclinology and t h e  t r a n s f e r  of this knowledge t o  b e n e f i t  tile 

..,-ion ns a a h G l C  i n  many sectors are c l e a r l y  indicated.  It  i s  reeom- 
- .  :&d tha t  considerat ion be given t o  extending t h e  work that  was 
i!ritiatcd i n  t h i s  study SO that t h e  f u l l  metsure of the NASA ccwtxibut ioa 
r..,,l be i d e n t i f i e d  and recognized. 

In  t h i s  w3y, the considerable na tu re  of NiSA's c o n t r i b u t i o n s  t o  

NATl?fllALS I3PACTS IEc'bWOR SECTORS OF XATION'S ECOKWY 

Poser Communi- Transpor- Health 
saterials Areas Geaerat ion  cat i o n  t a t i o n  C a r e  

i: k c t  rofonning X 

Fuel C e l l  x 
:;ichcl-cadmium b a t t e r y  X 

Silver-cadnium b a t t e r y  X 

S i l v e r z i n c  b a t t e r y  X 

fgf ractory a l l o y  X 

X 

x -  
X 

X 

X 

X 

X 

X 

X 

X 

Solar cell X X 

Stress-corrosion of 

titanium a l l o y s  X X 

x 

X 

X 

NASA is  a heavy c o n t r i b u t o r  i n  t he  materials techEology zrcas encom- 
passing b a t t e r y  systems (nickel-cadnium, silver-cadmium, and s i l v e r -  
zinc), r e f r a c t o r y  a l l o y s ,  and s t ress-corrosion of t i t an ium alloys. 
The impact of each of these awas was concentrated mostly in simtlar 
app l i ca t ions  out  s3.de of the  space program. These included improvements 
in r e l i a b i l i t y  and higher  energy dens i ty  f o r  b a t t e r y  sys t ems  i n  everyday 
use; app l i ca t ion  to power generat ion sys t ems  for r e f r a c t o r y  a l l o y s ;  and 
app l i ca t ions  of t i tanium a l l o y s  t o  the SSP program, deep submergence 
vehicles, and chemical processing plants.  

NASA is a moderate c o n t r i b u t o r  t o  the area of f u e l  cells, where t h e  
p o t e n t i a l  app l i ca t ions  out s i d e  the  space program w e r e  somewhat broader-- 
smog-free electric automobiles, l i f e  support  systems, and deep ocean 
technolo? y . 
NASA is a heavy c o n t r i b u t o r  t o  t h e  solar cel l  program, but  the 
app l i ca t ions  i n  t h i s  case w e r e  more exc lus ive  w i t h  fewer d i r e c t  appl i -  
c a t t o n s  outs ide o f  space. However, s o m e  of t h e  space applications-- 
mainly vbather add conmunication sa t e l l i t e s - -have  i n d i r e c t  b e n e f i t s  
such as improved weather p red ic t ion  and b e t t e r  radio arid TI' t ransmission 
and receptfos.  

' 

20 



. I A S A  has a l s o  nw.le a con t r ibu t ion  to electrofont t ing,  vhcie the 
appl icat ioi is  were niorc diffuse--covering such items a s  ictproved 
b a t t e r i e s ,  tool ing and dies, solar concent ra tors ,  and production 
of complex par t s .  

. NASA h a s  coirtributcd s i g u i f i c a n t l y  t o  t h e  knowledge i n  d i f f e r e n t  areas 
'of materials technology. 
techniques such as  electroforming and pioneering of new materials such 
as new r e f r ac to ry  a l loys .  

Thee have included breakthroughs in processing 

. The impact of XASA work i n  materials technology has been considerable.  
Many of t he  new materials developments by NASA have been appl ied  to  
o t h e r  sectors of the na t ion ' s  economy than the  space program. 
inclucie the aiajor economic zectors such as p o i y e r  genera t ion ,  t ranspor-  
tation, communications, and hea l th  care. 

These 

The l i t e r a t u r e  search method devised f o r  and used i n  t h i s  preliminary 
survey has proven t o  be a valuable  technique i n  l o c a t i n g  and separating 
itenis pe r t inen t  to  specific areas of materials techuolo,-y. 
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V 

Recent s t u d i e s  have begun t o  show conclusive evidence o€ a dramatic 
Although r e l a t ionsh ip  between advancing technology and economic growth. 

such a r e l a t i o n s h i p  Seem i n t u i t i v e l y  obvious, t h e  proof has  been, and 
still  is, considerably e lus ive .  No c l e a r ,  d e f i n i t i v e ,  q u a n t i t a t i v e  theory  
yct e x i s t s  i n  t h e  econotnic l i terature,  a l though much a t t e n t i o n  h a s  been 
paid to t h e  subject i n  t h e  past  10 years.  

Since NASA is exclus ive ly  a research and development agency of t h e  
goverrinrent, it i s  important t h a t  t h e  r e l a t i o n s h i p  between R&D and economic 
growth be understood. Th i s  repor t  d i scusses  some aspec t s  of t h e  
r e l a t ionsh ip  and i n d i c a t e s  some of t h e  required ing red ien t s  for econonic 
groivth. These are, for example, a more product ive work fo rce ,  gained 
la rge ly  throiigii education; a continuous bu i ld ing  up of  t h e  store o f  
knowledge; greater u t i l i z a t i o n  of knowledge by en t repreneurs ;  and a high 
r a t e  of u t i l i z a t i o n  of  human c a p i t a l ,  f i r s t  by v i r t u e  of low unemployment 
in a l l  occupat ional  c a t e g o r i e s  and second by a con t inua l  development and 
u t i l i z a t i o n  of h igher  s k i l l s .  

To f ind  out  how KASA c o n t r i b u t e s  t o  these  va r ious  elements,  t h i s  
study examined t o  some ex ten t  t h e  role of t h e  Agency i n  extending t h e  
q u a l i t y  of environntent a t  its c e n t e r s  and production and test areas i n  t h e  
South. 
t i o n a l  systems, XASA had e f f e c t i v e l y  modified the  d i r e c t i o n  of growth 
taking place i n  a number of loca t ions .  I t  'is clear t h a t  t h i s  is  more 
not iceable  i n  small ci t ies,  towns, or coun t i e s  than  i n  l a r g e  met ropol i tan  
areas. On t h e  o t h e r  hand, i n  a p a r t i c u l a r  kind of environment, such as 
Houston, growth i n  both q u a n t i t y  and q u a l i t y  i s  also apparent i f  t h e  
immediate v i c i n i t y  of a c e n t e r  is examined separa te ly .  Furthermore, the 
same elements t h a t  have been detected before s i t h  regard to  s c i e n t i f i c  
complexes i n  o t h e r  cities, such as growth of graduate  and h ighe r  educat ion 
f a c i l i t i e s ,  are not iceable  i n  connection w i t h  NASA c e n t e r s  and o t h e r  
f a c i l i t i e s  in t h e  South. In each of the  areas--with t h e  possible 
exception of Xew Orleaas, where it may not  be poss ib l e  t o  detect; such 
changes--XASA has cont r ibu ted  to those  elements  t h a t  c o n s t i t u t e  the  
ingredien ts  for economic growth. I t  has upgraded t h e  s k i l l s  of t h e  labor 
force, upgraded t h e  l e v e l  of educat ion a v a i l a b l e  t o  local inhab i t an t s ,  
decreased unemployment, and b u i l t  up t h e  store of knowledge by v i r t u e  of 
its s c i e n t i f i c  mission. 

I t  was found tha t  by con t r ibu t ing  t o  improvements i n  local educa- 

I n  summary, we fiad t h a t :  

1. NASA a c t i v i t i e s  have had a p o s i t i v e  and consequent ia l  in f luence  
on t h e  1oca l i t . i es  i n  t h e  South i n  which it t a s  e s t a b l i s h e d  

22 



research and devol.opmiit ccntcrs and production, t e s t i n g ,  and 
launch f a c i l i t i e s .  

2. These in f luences  have gone beyond those a s s c c i a t e d  mere ly  w i t h  
t h e  channcling of goverumnt funds i n t o  an area, pr imari ly  
because of t h e  research and development na tu re  of t h e  work. 

3. ' R&D is d i f f e r e n t  from other t r a n s f e r s  of governiiient funds because 
i t  requ i r e s  more highly paid,  highly educated workers who demand 
mre i n  t h e  way of q u a l i t y  of environment. This i n  t u r n  affects 
the q u a l i t y  of education, f o r  example, a v a i l a b l e  t o  new residents 

i of the community as w c l l  as t o  o ld  ones, r e s u l t i n g  i n  g r e a t e r  
: l e v e l s  of achievement by a l l .  

4. WAS4 and XASA-contractor personnel have con t r ibu ted  t o  t h i s  
.upgrading of the environment in each conimunity i n  a v a r i e t y  of 
'ways, from runni iq  for and being elected t o  local po l i t i ca l  
, off ices to  providing pressure through neighborhood and coinmrinity 
;organizat ions and volunteer ,  c h a r i t a b l e ,  and r e l i g i o u s  groups. 
.Furthermore, it was found t h a t ,  in many cases, a s u b s t a n t i a l  
portion of the teaching staff in local grade and high schools 
was made up of w i v e s  of eng inee r s  and s c i e n t i s t s  on NASA p ro jec t s . '  
These women are gcae ra l ly  w e l l  educated, o f t e n  from a more 
cosmopalitan environment than  t h a t  found i n  many of the NASA 
locatiom i n  the South, and t h u s  able t o  b r ing  t o  school c h i l d r e n  
a broader experience aad a greater apprec i a t ion  for educat iou 
than they would have otherwise. 

5. RASA's i n f luence  i s  also f e l t  because of r a d i c a l  rhangcs i n  per 
c a p i t a  i n c o e  that  it brirrgs about. Recent s c h o l a r l y  s t u d i e s  
have ind ica t ed  t h a t  the South must upgrade the p raduc t iv i ty  of 
its workers t o  achieve a p o s i t i o n  of econoinic (and social) health 

.and well-being equivalent  to  tha t  of t he  rest of t h e  United 
States. Per c a p i t a  income is the most reliable measure a v a i l a b l e  
to judge such progress; and this i n d i c a t o r  h a s  been a f f e c t e d  
g r e a t l y  by NASA presence. 

In c e r t a i n  cases, NASA has been a c a t a l y s t  in s t imu la t ing  other 
developments, p a r t i c u l a r l y  i n  New Orleans. In t h i s  case, t h e  
local economy was in a slump b d o r e  the advent of space a c t i v i t i e s  
fa the area. 
leaders,  Chamber of Commcrce o f f i c i a l s ,  and others t h a t  the NASA 
Presence w a s  a crit ical  inf luence i n  en l igh ten iug  the  coninwnity 
to  new and pmgress ive  business  opportuni t ies .  

Uni€oim agreement was found anong local business  

The i n f lueace  of WASA on e d u c a t i m  i n  the South is p e r t i n e n t ,  
above and beyond tha t  mentioned above. I n  i n s i s t i l l g  on good 
educational facilities for t h e i r  sons and daughters  (and for 
thcnselves through co l l ege  extension and graduate  programs), XASA 
and XASA-contractor employees have l a i d  t h e  groundwork for a 
hieher q u a l i t y  educat ional  envirocmcot for a l l  of the psoyle i n  
the cmrxiaities w h e r e  they reside. 
such fnf luenccs t o  enhance i t s  own dcvelcpwent. 

The South p a r t i c u l a r l y  needs 
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VI .  blEDICAL, BIOLOGICAL AND PUELIC HE.U:l'H IhIPACTS 

The purpose of t h i s  study phase i s  t o  analyze t h e  impact of t h e  t o t a l  
&.\r;..erican space program on publ ic  hea l th ,  medicine and b io log ica l  research.  
The background information was obtained through in-depth in t e rv i ews  with 
sc i en t i s t s  and o f f i c i a l s  responsible  f o r  var ious  b ioas t ronau t i c s  programs 
i n  aerospace companies, government agencies  ( including headquarters  groups 
alld l abora tor ies ) ,  u n i v e r s i t i e s  and hospi ta l s .  S c i e n t i s t s  and physicians 
otttside of t h e  sprtce program who a r e  bene f i t i ng  from space technology 
transfer,  o r  who are p o t e n t i a l  b e n e f i c i a r i e s  w e r e  a l s o  contacted.  Geo- 
graphic coverage was r e s t r i c t e d  t o  t h e  s ta te  of Cal i fo rn ia  and t h e  Vashiugton, 
D. C., area including nearby com~auuities i n  Maryland and Virginia .  While 
this i s  not 8 complete coverage of a l l  t h e  o rgan iza t ions  engaged i n  
applicable space activities, t h e  organiza t ions  which supplied use fu l  data 
represent approxinately half  of t h e  na t ion '  s ongoing space bioniedicine 
aid tBey,can be considered a s  a r ep resen ta t ive  sample. Also many of tho 
tnterviekees had recent ly  come from other organiza t ions  i n  geographic 
areas not included i n  t h e  study. Consequently, t h e  data c o l l e c t e d  
represents a s u f f i c i e n t l y  broad sample of to ta l  space RkD experience t o  
s m i t  the  conclusions reached i n  t h i s  repor t ,  

The interviews w e r e  conducted du r ing  a t i m e  when space research 
budgcts had already been se r ious ly  c u r t a i l e d  and f ace  t h e  prospcct of even 
greater budget c u t s  i n  t h e  next f i s c a l  year. It should be mentioned t h a t  
there was a preva i l ing  f e e l i n g  of deep pessimism among most of  t h e  people 
contacted and t h a t  t h i s  a t t i t u d e  of mind tsay have unconsciously inf luenced 
the i r  evaluat ion of t h e  present  and near-term impact of  t h e  space pmglain 
i n  the biomedical f i e l d .  I n  many cases t h e  budget: r e s t r i c t i o n s  in NIH 
and other  agencies not responsible  f o r  a s t r o n a u t i c s  r e su l t ed  i n  funding 
ciltbacks. f o r  programs which would have included technology t r a n s f e r  items. 
At the present t i m e  i t  is  harder  t o  ob ta in  funds f o r  some of t h e  promising 
tr.chnology opt ions  than i t  was two or t h r e e  years ago. 
P-Ittern of funding i n  t h e  next f i s c a l  year means t h a t  technology t r a n s f e r  
+il l  continue to  be adversely a f f ec t ed  by t h e  o v e r a l l  c u t s  i n  the  na t ion ' s  
kl) and publ ic  h e a l t h  programs. 

The uncer ta in  

Many concerned o f f i c i a l s  have been disappointed because many of t h e  
=st promising items of technology t r a n s f e r  have taken a very long time 
to raach a p r a c t i c a l  c l i n i c a l  app l i ca t ion  following t h e  t e s t i n g  and 
C..Pip!nent modification phases. A r ep resen ta t ive  sample of these  sys tems 
4 s  found i n  tho  t a b l e  e n t i t l e d ,  "Matrix Showing a Representat ive L i s t  of 
s P ~ C c  Systems Useful i n  Medicine and Bio logica l  Research, 'I 

It should be emphasized t h a t  t h e  medical profess ion  has  been 
!- ls tor ical ly  very conservat ive i n  t h e  adoption of new techniques and 
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tecliuology. I t  has been frcciucntly obscrvcct t h a t  thcrz has  bcen a 10 
t o  15 year l a p m  of time boL'0r.e itellis of advarlccd teclmology are f u l l y  
eniployecl i n  c l i n i c s ,  h o s p i t a l s  and biolncc!ical l abo ra to r i c s .  One importont 
lnipnct of the  space pyograin has  been a p r a c t i c a l  reduct ion i n  t h i s  time 
lag s ince  a l l  t h e  iteiiis t h a t  have been successfu l ly-adopted  have a t  le7st 
beaten t h e  h i s t o r i c  t i m e  lag.  Furthsrinore t h e  spacc program has  c l e a r l y  
demonstrated t h a t  i t  i s  poss ib le  t o  achieve very s i g n i f i c a n t  state-of-tho- 
a r t  advances i n  a very short period of t i m e  when s u f f i c i e u t  t a l e n t ,  funds, 
p r i o r i t i e s  and managcincnt d i r e c t i o n  is  provided t o  allow t h e  e a r l y  
r e a l i z a t i o n  of s p e c i f i c  goals ,  

CLINICAL'DATA - TIE HEAXITKY ADULT 

The as t ronaut  and as t ronaut  s u b s t i t u t e  working i n  var ious  space 
l a b o r a t o r i e s  a re  normal heal thy a d u l t s  who must func'. 'on i n  il completely 
a l i e n  environment i n  o rde r  t o  understand what t h e  physical  and mertal 
c a p a b i l i t i e s  of man i n  space would be, a l a rge  numbcr of  s t u d i e s  nave been 
conducted' t o  uncover physiological  data t h a t  had mt been thoroughly 
inves t iga ted  i n  h i s t o r i c  b io log ica l  research pr imar i ly  concerned w i t h  
var ious  pathological  processes. I n  order t o  walk e f f e c t i v e l y  i n  a space 
s u i t  on t h e  moon, s c i e n t i s t s  f i r s t  have t o  know more about t he  mechanics 
of walking here  on ea r th .  The chemical compositiou of s a l i v a  and t e a r s  
was determined f o r  the  f i r s t  t i m e .  Sensory depr iva t ion ,  e s o t i c  gas 
atntospfiere compositions, humidi ty ,  pressure, c i r cad ian  rhythms ?.nd work 
cyc le s  have been but a f ex  of t h e  nany physiological  parameters where 
complete o r  re la t iveiy compl.ete information is now a v a i l a b l e  as  8 spcce 
dividend. 

The c l i n i c a l  da t a  on the hea l thy  adu l t  are p resen t ly  scattered i o  
many r epor t s  and study sunuuaries i n  government sgencies  and organiza t ions  
who have gathered th i s  da ta ,  and i t  i s  nct  r e a d i l y  a v a i l a b l e  t o  the  
research physician or s c i e n t i s t  who may not be f a m i l i a r  wi th  th3 space 
program or the organiza t ions  which have been respons ib le  f o r  conducting 
these i nvos t ig s t ions  during the  pas t  ten years. Consequently access t o  
&so data is severe ly  r e s t r i c t e d  and i n  many cases it  does not appezr i n  
re ference  t a b l e s  i n  rocqnt mediczl 5001;s prepared by s c i e n t i s t s  opera t ing  
ou t s ide  t h e  space coninwnity. One s t rong  reconmendation i s  tha t  a mono- 
graph or mollogrdph series be przyared t o  briiig a l l  tbsa pe r t inen t  d a t a  
toge ther  and also adequately reference the more detaj  l ed  coverage of the 
physiological  parameters t h a t  appear i n  t h e  s p e c i f i c  r e p o r t s  t ha t  provide 
information obtained thrortgh d ive r se  bioaskronai i t ics  gr t tnts  and con t r ac t s .  
Several  s c i e n t i s t s  have suggosted tha'i a symposium, o r  similar meeting, 
which would bring toge ther  aad givo a t t e n t i o n  t o  d r t a  obtoined on tho 
heal thy  adul t ,  might be something tha t  should be s e r i o u s l y  co?lsidered for 
a NASA support i n  a s soc ia t ion  with o t h e r  governnient agencies  support ing 
bionedical  W .  

ITEBIS OF EQUIP~vIEFT TRA??SFER 

5 

The t r a n s f e r  of t h e  systems and subsystenis dweloysd  a s  t h e  r e s u l t  
of space research to meet tho  n w d s  of terrestrial b io log ica l  roscarch and 
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rncdicino has been slower th:.n o r i g i n a l l y  cxpacted. 
gap mists between t h e  i n i t i n l  c l i n i c a l  t e s t i n g  phase and tho subsequent 
manu€octure and d i s t r i b u t i o n  af the  sysLeni t o  tilosc s e c t o r s  of t he  bio- 
medical community where ac tua l  requircinents a r e  t o  be found. Understanding 
and analyzing t h e  machanics of t h i s  b a r r i e r  niay be t h o  most important 
cont r ibu t ion  of t h i s  report .  In  many cases  we a r e  consider ing r e l a t i v e l y  
expensive system which r equ i r e  separa te  funding by a government agency 
or outs ido organizat ion i u  orde r  t o  coinplete t h e  t r a n s f e r .  For Instance,  
an autoiiiated blood pressure cuff  was developed by Garre t t  f o r  t h e  Akrcury 
and Gemini programs. This  system was c l i n i c a l l y  tested i n  1961 and could 
have been inste . l led i n  a h o s p i t a l  i n t ens ive  c a r e  c e n t e r  a t  t h a t  time. 
F i r s t  ac tua l  i n s t a l l a t i o n  took place i n  an i n t e n s i v e  c a r e  c e n t e r  a t  the  
National I n s t i t u t e s  of Health i n  1968. The systein is not l i k e l y  to  save 
a l i f e  i n  the  s m c  dramatic manner as  1135s expensive items such a s  EKG 
monitors wlilch were among the  first automatcd devices  i n s t a l l e d  i n  ca re  
centers .  
no i n t e r n a l  pressure t o  attempt t o  d i v e r s i f y  through t h i s  t r a n s f e r  option. 
The t r a d i t i o n a l  consorvfitism of t h e  medical community was a l s o  an 
import ant factor. 

The most rapid equipment t r a n s f e r  has  been made t o  o t h e r  u s e r  rcquirc-  

The iriost s c r i o u s  titno 

Gar re t t  was f u l l y  occupied during tho  in te rvening  ycars and had 

! 

m e n t s  when the development f o r  hardware modif icat ions is conducted by t h e  
same organizat ion t h a t  engaged i n  the  o r i g i n c l  b ioas t ronau t i c s  progras.  
For instance,  Garret t  dovclopeci a biomedical recordir?g system under XAS.4 
con t rac t  t o  evalua te  physiological  behavior of man under actual f l i g h t  
condi t ions  i n  our  manned space programs. This sys tem was quick ly  t rans-  
f e r r ed  t o  A i r  Force requirements t o  monitor the  e f f e c t s  of stress on 
p i lo t s  in Vietnam during a c t u a l  combat operat ions.  In almost every case  
where a t r a n s f e r  can be made t o  a m i l i t a r y  reqviren~,?nt,  i t  has been 
quick ly  made because the organizationsengaged i n  space research are 
almost always cognizant of  A i r  Force, Arnty and Navy requirements. The 
accounting, manufacturiug and customer r e l a t i o n s  p a t t e r n s  are not  barriers 
i n  t r a n s f e r r i n g  space sys tems t o  o t h e r  government agency requiremznts. 

W CAPABILITY TWYSFER 

The space program has  caused i n t e r d i s c i p l i n a r i a n  teams of s c i e n t i s t s  
t o  be brought together t o  scccess fu l ly  achieve d ive r se  goa l s ,  rcaiiy of 
which a x  only  p a r t l y  related t o  the  l i f e  sciences.  Frequerctly It i s  the 
a v a i l a b i l i t y  of these teams that permits  a l i f e  science program t o  bc 
successfu l ly  undertaken that would not have been poss ib le  without t h e  
space program. For Instance,  Sfbl One i s  a revolu t ionary  app l i ca t ion  of . 
aerospace technology t o  medical education. It  is  a computer-controlled, 
l i f e - l i k e  mannequin developed a t  AeroJet General ' s  Von Kaman Center t o  
accura te ly  s imulate  human response i n  t r a i a i u p  anaes thes io log i s t  6.  The 
basic concept of SXU One i s  an oxteasion of simulat ion theory o r i g i n a l l y  
developed i n  AeroJet's space power sys tens , .  rocket ens ine  systems, and 
space s a t e l l i t e  systems. Herr! t h e  r e s i a rch '  team ( r a t h e r  than the  hardware) 
was t r rns fe r r cd  t o  produce a completely 11cw educa t iona l  technology. 
SIR1 One program I s  8 r ep resen ta t ive  sample of t he  p o t e n t i a l  employment of 
the methodology of space PAD i n  providing completely new s o l u t i o u s  t o  
var ious  problcnis areas ,  

The 
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RE SEA RCli 'm CUZI Q tE S 

Almost a l l  of our space r:&h has required coiupletely noc instrumcnta- 
tion diIS methodological approaches, aad t h i s  has been p a r t i c u l a r l y  true 
of bioas t ronaut ics  prograilis. Rescarch techniques developed f o r  space 
roquiroments have been most r e a d i l y  t r ans fe r r ed  withiii t h e  same orpnni- A- 

za t ions  t h a t  non-space biomodica.1 rcscarch i s  conducted. In  some cases  
t l ~ o  t r a n s f e r  has  been made by an ind iv idua l  going €rani a b ioas t ronau t i c s  
group i n t o  a new a f € i l i a t i o n  whore he c a r r i e s  t h e  new techniquos wi th  him. 
I n  many cases w e  are consider ing components and subsystems such as b e t t e r  
sk in  e lec t rodes  f o r  EKG and EEC measureinonts. 

i 
There has  been widespread employment of computer programming 

techniques, including niatheinntical models of va r ious  physiological  
processe's. The a v a i l a b i l i t y  of t h i r d  generat ion computers may be 
considered as one of the  i n d i r e c t  t r a n s f e r  b z n e f i t s  of the space program. 
Tkis  ref ined computational c a p a b i l i t y  pe rmi t s  complex t. wand threc- 
dimensional matrices t o  be prograrmod i n  or&r t o  deter,iiine complex 
i n t e r r e l a t i o n s h i p s  between v e r y  l a r g e  nuxbors o l  environmcntal and physio- 
logical parameters. 

The d i g i t a l  computer processing of o p t i c a l  and e l e c t i o n  microscope 
images oromises a quantum improvement i n  new a r e a s  of research  eaphasis, 
p a r t i c u d r l y  molecular biology. T h i s  technique coupled w i t h  new e l ec t ron  
microscopes of nea r  t h e o r e t i c a l  r e so lu t ion ,  which are nov being developed, 
may permit a direct readout" of the  s t r u c t u r e  of many organic  molecules. *t 

Bioastronaut ics  research techniques have been einployed i n  t he  
development of experimental  a r t i f i c i a l  h e a r t s  tinder D r .  W i l l e m  golf  at the 
Cleveland C l i n i c .  
reduced metabolism prograin have been used i n  hypothermia research. Auto- 
sated monitoring of equipment is  a space research technique t h a t  has  been 
widely adopted. 

Body cooliDg procedures re f ined  as a result of NASA's 

- TECHNOLOGY TRAiiSFER BARRIERS 

Where s i z a b l e  expenses a r e  not  involved, systems and subsystems 
developed throughout the space program w i l l  go through t h e  i n i t i s ,  c l i n i c a l  
t e s t i n g  phase of technology t r a n s f e r  i n  a coinparatlvely shor t  pei.J od of 
t i m e .  
been modified for the  nou-space appl ica t ions .  
produced tho prototype as a rule do not have a manufacturiDg and marketing 
capab i l i t y  required t o  supply those systems i n  l a r g e  numbers for hosp i t a l s ,  
c l i n i c s ,  and l abora to r i e s .  Consequently, t h e r e  i s  a serious time gap 
between the  i n i t i a l  c l i n i c a l  or o t h e r  t e s t i n g  phase and t h e  a v a i l a b i l i t y  
of t h e  system as a manufactured i t e n .  

Heie we are usua l ly  dea l ing  k i t h  a s i n g l e  prototype which may have 
The organiza t ions  t h a t  

The hospital or  u n i v e r s i t y  sc iex i t i s t  f r equen t ly  i s  i n t e r e s t e d  i n  
solving h i s  own equipment nccds and regards a prototype sys tem as a 
phi lanthropic  gift f roi an af f luont coiapnny which t h e  scientist may a l s o  
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** regard as a merchant of death" bccause of dcfensc cont rac ts .  
a t r a n s f e r  fro:s the testing phase to  p r o f i t a b l e  product line i s  f requcnt ly  
not recognized by t h c  s c i e n t i s t  , cont r ibu t ing  t o  t h e  barrier. 

ThC aced for 

In aletost e v e r y  casc where there has been a successfu l  transfer i n  I 
r e l a t i v e l y  short t i m e  period, a "champiox" has serval 3s t h e  t r a n s f e r  
c a t a l y s t .  
s c i e n t i s t  whose inf luence permits the e s s e n t i a l  stcps i n  the  t r s a s f e r  
a c t i v i t y  to be condected on a bootlegged or sub rosa basis .  

The champion may be an inf lucr i t fa l  o f f i c i a l  or pr inc ipa l  

A thorough ana lys i s  of t h c  role of t h e  champion i n  successfu l  t r a n s f e r  
should bc undertakcn. 
authorized funct ion might be on= of t k  best rays to speed technology 
t r a n s f e r  i n  all advanced m i l i t a r y  anC space f i e l d s .  
consider ing the  psychology and motivat ional  dynamics of t h e  t r a n s f e r  process  
i tself .  

Canvtrt ing- h i s  role from an unof f i c fa l  t o  an 

ifere %e &I-@ p a r t l y  

RECOXEUSNDATIOXS AKD COXCLUSIOXS 
_I_ 

Writing froat a vantage point of 1968, one cau state t h a t  space bio- 
medicine bas had a g r a t i f y i n g  traiisfer impact i n  t h e  s ta tc-of- the-ar t  o f  
labora tory  instrumentation and research techniques for terrestrial life 
science RW. Many s p e c i f i c  i t e m s  of technology have been successfu l  i n  
t he  i n i t i a l  cliaical or o t k r  testiag phase, aEd can be essc t td  t o  be 
widely d i s t r i b u t e d  i n  the  future .  

/- 

The NASA Tech Briefs provide an adequate d o s c r i p t i o c  of b i o m d i c a l  
systems r i t h  a t r a n s f e r  p t e n t i a l .  
of the space and m i l i t a r y  fields are either not aware of this quick 
i d e n t i f i c a t i o n  serv ice  or the  Tech B r i e f s  t h a t  aould be of greatest 
i n t e r e s t  simply do not rezch them. It must be recognized tha t  these  are 
ext reac ly  busy, overcommitted p ro fes s iona l s  and some means s!:ould be 
devised t o  d i r e c t l y  coatact them about technology t r a n s f e r  iteEs of  
po teu t i a l  value i n  t h e i r  programs, rather than expect ing them t o  go 
through t h e  present ly  e s t ab l i shed  i d e n t i f i c a t i o n  system. I t  is naive to 
assurie that the poteu;ial user w i l l  t ake  t h e  i n i t i a t i v e  in the  i d e n t i f i -  
ca t ion  phase of t h e  t r a n s f e r  process. 

Unfortunately many s c i e n t i s t s  outsLde 

The pr inc ipa l  quest ion regarding the f u t u r e  impact of technology 
t r a n s f e r  froin bioas t ronaut ics  depends on the p o s s i b i l i t y  of adopting new 
procedures. The transfer t o  o t h e r  l i fe  sc ience  research requirements can 
become more e f f e c t i v e  by a systeol of noni tor ikg  prospect ive u s e r  needs. 
One so lu t ion  might be t o  prepare a programmed 
biomedical professions and specialities, and then  device a s y s t e e  by 
which Tech B r i e f s  are au tona t i ca l ly  sent  to t h e  s c i e n t i s t s  who are most 
l i k e l y  to use the  space systems i n  thozr  research. 

** i n t e r e s t  profile" of various 

More c f f e c t i v c  fu tu re  t r a n s f e r  of b ioas t ronau t i c s  systems to widespread 
c l i n i c a l  medical prac t i ce  w i l l  l a r g e l y  depcnd on t h e  funding a v a i l a b l e  t o  
accelerate such t r ans fe r .  It  is naive to  assuae t h a t  the simple iden t i f i -  
ca t ion  o f  such i r anszc r  op t ions  w i l l  permit t h e i r  early adoption, e s p e c i a l l y  
where r c l n t i v a l y  expensive systems are involved. 
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The s c v e r c  RED budget c u t s  ctuscd by f i s c a l  pressures, pr imar i ly  
stentarin: from t h e  Viatnarn5se c o n f l i c t ,  ciay be eaisod i f  a ncgot ia ted 
settlitiucni is rcachcd ir .  1969. 
i ts h i s t o r i c  growth patter%, providing new o p p o r t u n i t i e s  f o r  t h e  c l i n i c a l  
u t i l i ea t ioa  of space technology. 

Federal  RBD furdinp i s  l i k e l y  t o  resubtc 

Tho s o l u t i o u  to  optimized c l i n i c a l  t r a n s f e r  W Y ~ S  invented by t h e  
Phoeniciass--2C3EY! Stated convert ional ly ,  s p e c i f i c  funds must be a l l o t t e d  
i n  g r a n t s  and c o n t r a c t s  to c m p l e t e  a l l  the  t r a n s f e r  s t o p s  where compara- 
t i v e l y  expensive systems are Pnvolvcd. The d e s i r a b i l i t y  o€ such t r a n s f e r  
programs are evaluated i n  Section VI1 of  t h i s  report .  
betweeu NASA, KIH and other agencies,  probabl;$ f a c i l i t a t e d  i n  p a r t  through 
j o i n t  comnittees,  would ba necessary. 

Close cooperat ion 

M a n y  of t h e  p o t e n t i a l  t r a n s f e r  i t e n s  i n  b ioas t ronau t i c s  are extremely 
expensive by t h e  s tandards of organizat ions,  sach as h o s p i t a l s ,  who are 
potential users.  Frequently t h e  cost of an autoiizted device w i l l  be an 
order of magnitude over the  sptcia it  replaces.  The f a c t  t h a t  t h e  time 
saved by h igh ly  s k i l l e d  p m f e s s i o n s l s  rill. mike t h e  autonatod device 
q u i t e  economic, is f r equen t ly  not accepted by bimedical specialists u n t i l  
t h e  sys t ea  h a s  been i n  operation f o r  a year or more. Conszquently, some 
means of  funding t h e  c l i n i c a l  proof-of-principal phase is l i k e l y  to  hwe 
a s i g n i f i c a n t  impact i n  reducing t h e  o v e r a l l  lag i n  t h e  widespread adoption 
of space b2otechnology. 

The p o s s i b i l i t y  of c s t a b l i s b i n g  a new agency to fund cri t ical  7hases 
of t h e  t r a n s f e r  of b ioas t ronau t i c s  tectinology is a p o s s i b i l i t y  :hat 
deserves a t t en t ion .  
useful systems whi l e  they were still Seicg developed prior t o  the i r  use 
in an opera t iona l  space system. 

Such an organizat ion cotrld i d e n t i f y  t h e  p c t e n t i z l l y  

After t e n  yhar%. s a e  d e f i n i t e  conclusions can be reached coneernice 
The 10 t o  15 year  t i m e  t h e  space biomedical technology t r a n s f e r  process. 

gap i n  applying advanced technology t o  c l i n i c a l  reqairements has been 
broken, but t C e i v  is still a long de lay  i n  t r a n s f e r r i n g  ope ra t iona l  
technology and research techniques. 
r e n t s  are extremely expeosive by c a w c n t i o u a l  bimedical s tandards 
( c l i n i c a l  o r  research). 
logical bzrrier i n  p o t e n t i a l  u s e r s  which is d i f f i c u l t  to  overcome. 

Systems developed for space require- 

The expense f a c t o r  f r equen t ly  creates a psycho- 

There is a fundamental need f o r  direct or  i n d i r e c t  funding support t o  
v* accolaplish the i n i t i a l  t r a n s f e r  s teps .  Frequently a champion" w i l l  use  

his i n f luence  t o  a l l ~ w  the s t e p s  to  be conducted on a bootlegged or sub 
rosa basis. 
f r o m  agercies not engaged i u  space programs for additional equipinent 
d i f i c a t i o i i .  etc. 

The chantpion may also assist in obtaining g r a n t s  or funds 

The c l i n i c a l  proof-of-principal t e s t i n g  i s  f r equen t ly  conducted with 
the o r i g i n a l  space hardu-arc. mere is a serious time gap between t h i s  
first s t e p  axid t h e  comntercial a v a i l a b i l i t y  of t h e  system. Most aerospace 
o rgan iza t ions  d o  not have a commercial manufacturing and marketing 
c a p a b f l i t r  f o r  such systcuts. 



Thc e f f c c t i v e w s s  of space l i €e  sciemc t r a n s f e r  i s  p a r t i c u l w l y  
s e n s i t i v e  t o  over.") 1 f8ititiing tretids i n  govcrmcnt  suppor.icd RED. Vhcn 
space burlgcts arc ituclining, c s s e n t i a l  pcrsonncl are f r equen t ly  los t ,  and 
tficre i s  less ntoiiuy for programs outs ido  of major requireiaents. 
f e d e r a l  biomedical funds are not  growing, new progrants e s scn t  i a l  f o r  
t r a n s f e r  must cospete  with e s t ab l i shed  prograns,  and f r equen t ly  budgets 
are coinpletely calunitted. These cons ide ra t ions  were very  much i n  evidence 
and f requcnt ly  mentioned by interviewees,  during the study. 

lhon  

Assuming t h e  space program resumes its h i s t o r i c  growth p a t t e r n  i n  the 
post-Vietnamese c o n f l i c t  t i m c  period, t h s r e  could be a great inc rease  i n  
items wi th  t r a n s f e r  po ten t i a l .  
autonmted b io log ica l  lab conta in ing  seve ra l  d i f  fcreiit bacterial i d e n t i f  i- 
c a t i o n  systems, rwld have great c l i n i c a l  po ten t i a l .  The i n i t i a l  
b ioas t ronau t i c s  R&O required for manned plane tary  explorat ion;  a s  a 
conf imed  na t iona l  g o a l ,  would provide a cornucopia o f  t r a n s f e r a b l e  
technology far i n  excess of  t h e  comparatively atodest requirements of t h e  
A p o l l o  program. 

A Voyager Uars mission, with  a f u l l y  
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